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ABSTRACT 
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The  operation  and  maintenance  activities  at  the  Montana 
Large  Aperture  Seismic  Array  and  Data  Center  during  the  period 
from  April  1 and  September  30,  1977  are  described.  Operations 
In  data  recording  and  event  processing  are  detailed.  Seismograph 
frequency  response  measurements  and  performance  statistics  are 
presented.  Maintenance  activities  In  the  array  and  at  the  data 
and  maintenance  center  are  discussed. 
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INTRODUCTION 


This  is  the  final  semi-annual  technical  report  of  the 
activity  by  Ford  Aerospace  & Communications  Corporation  on  the 
Montana  Large  Aperture  Seismic  Array  (LASA) , Project  VELA  T/7708, 
under  contract  F08606-77-C-0009 . 

The  primary  goal  of  this  project  is  to  operate  and 
maintain  the  LASA  in  a manner  which  produces  unique  high  quality 
seismic  data  for  use  by  other  government  sponsored  research 
projects . 

The  work  described  here  began  1 April  1977  and  con- 
tinued through  30  September  1977. 

The  sections  following  in  this  report  describe  the 
operation  of  the  various  systems  installed  at  the  LASA,  the  per- 
formance measurements  on  the  equipment,  the  teleseismic  and  near- 
regional  event  reporting,  the  PDP-7  computer  programming,  and  the 
maintenance  performed  on  the  systems. 
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SECTION  I 


SEMI-ANNUAL  SUMMARY  OF  EVENTS 


The  activities  at  the  Montana  LASA  facilities  during 
April  through  September  1977  are  described  in  this  report.  The 
LASA  Processing  System  operated  with  the  Seismic  Data  Analysis 
Center  (SDAC)  94.5%  of  this  final  six-month  period  and  93.3%  of 
the  one-year  contract.  System/360  failure  corrections  accounted 
for  83.9%  of  the  on-line  data  interruptions. 

Digital  recording  of  the  array  data  by  the  PDP-7  com- 
puter continued  on  a full-time  basis  with  the  exception  of  an 
average  65  minute  per  day  interruption  for  off-line  program  pro- 
cessing and  system  maintenance.  These  digital  recordings  were 
available  from  the  LDC  in  Billings  during  the  60-day  retention 
cycle  before  their  reuse.  Our  system  permits  four  recording 
modes  by  selection  of  either  10  or  20  sample/second  array  data 
in  either  a 10  or  16  SP  sensor  subarray  configuration;  all  LP 
sensor  data  is  included  with  both  configurations.  Edited  re- 
cordings of  the  SP  subarray  summation  signals  for  most  event 
detection  periods  since  1 November  1975  are  still  available  from 
our  dally  AUTO-EDIT  system  library. 

Routine  teleseismic  event  processing  using  film  record- 
ings and  on-line  computer  playouts  allowed  our  reporting  an 
average  of  18.6  events  or  phases  daily  to  VSC.  Periodic  near- 
regional  event  and  strip-mine  blast  listings  added  an  average  of 
6.7  events/day  to  the  LDC's  event  reports.  The  detection  thres- 
hold for  our  daily  teleseismic  reports  is  estimated  at  4.99  (90%) 
and  4.55  (50%).  A study  of  the  events  reported  by  seismic  region 
has  allowed  improvements  in  local  event  processing  programs. 

Seismograph  frequency  response  measurements  have  been 
made  and  some  results  are  presented  in  this  report.  A series  of 
field  tests  has  been  initiated  to  collect  data  for  verifying  the 
results  obtained  from  our  computer  measurement  programs  and  to 
improve  the  seismograph  response  information  presently  available. 

Again,  equipment  and  facilities  mainteance  permitted  the 
continued  operation  of  the  array  in  a manner  similar  to  previous 
periods.  The  continued  wear  with  age  of  the  mechanical  components 
increases  the  effort  and  concern  during  their  maintenance.  Develo- 
pment of  our  computer  maintenance  capability  has  reduced  the  level 
of  IBM  customer  engineering  diagnostic  assistance  necessary. 


SECTION  II 

OPERATION  OF  ALL  LASA  SYSTEMS 


A.  LASAPS  OPERATIONS 

The  LDC  computer  provided  LASA  data  to  the  SDAC 
transcontinental  data  link  94.5%  of  the  six-month  period  from 
April  thru  September  1977.  The  one-year  percentage  equalled  93.3%. 
Interruptions  in  the  computer's  on-line  operation  with  SDAC  which 
have  occurred  are  listed  in  Table  I. 


TABLE  I 

LASAPS  DATA  INTERRUPTIONS 


April-Sept  77  Oct  76-Sept  77 


Cause 

Hours 

% 

Hours 

% 

Corrective  Maint. 

203.4 

4.63 

491.5 

5.61 

active  maint 

108.1 

2.46 

220.3 

2.51 

awaiting  pers . 

76.8 

1.75 

195.9 

2.24 

awaiting  parts 

18.5 

0.42 

75.3 

0.86 

Program  Halts/Power  Loss 

15.7 

0.36 

31.0 

0.35 

Admin.  Use  (training) 

7.8 

0.18 

20.5 

0.23 

SDAC  Line  Inop. 

6.0 

0.14 

15.7 

0.18 

Preventive  Maint. 

3.6 

0.15 

15.1 

0.17 

Other  LDC  Systems  Inop. 

2.3 

0.05 

12.1 

0.14 

TOTALS 

241.8 

5.51 

585.9 

6.68 

B.  PDP-7  COMPUTER  OPERATIONS 

1 . Data  Recording 

The  LASA  Inner  Array  Recording  System  (LIARS) 
operated  on  an  almost  full-time  basis  to  record  LASA  data. 
Recordings  covering  an  average  of  23.0  hr/day  for  the  183-day 
period  were  made.  This  system  previously  described  by  Potter 
(1975)  provides  four  modes  of  array  data  recording  either  10 
or  20  samples/sec  (s/s)  from  either  a 10  or  16  SP  sensor  con- 
figuration of  all  13  subarrays.  LIARS  tape  recordings  totalling 
6302  were  produced  using  the  slow-mode  (10  s/s) , short  (10  sensor) 
format;  no  recordings  were  made  using  the  other  modes.  During 
the  one-year  contract  period  12,590  tape  recordings  covered 
8369.8  hours  or  95.5%  of  the  total  time. 
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Interruptions  in  the  data  recording  were  necessary 
to  support  other  LDC  operations  and  logistics  functions  for 
148.5  hr  (3.4%)  and  for  computer  downtime  26.0  hr  (0.6%).  The 
contract  totals  were  309.8  hr  (3.5%)  and  62.5  hr  (0.7%)  for  the 
two  functions,  respectively. 

2.  Auto-Edit 

Recording  edited  event  data  from  only  the  SP  sub- 
array sum  signals  continued  throughout  this  reporting  period 
allowing  the  preparation  of  13  new  master-edit  tapes  containing 
1377  event  periods.  These  LDC  recordings,  described  by  Matkins 
(1976)  provide  an  efficient  means  of  data  playout  for  event  anal- 
ysis and  for  event  data  retention  at  the  LDC.  For  the  one-year 
period  29  tapes  covered  3104  event  periods  of  interest. 

3 . Event  Detection 

Automatic  event  detection  continued  using  the  same 
event  detection  processor  routine  as  used  and  reported  by  Needham 
(1969) . The  event  detection  lists  speed  the  manual  analog  film 
reading  process  from  which  we  prepare  our  daily  teleseismic  re- 
ports. Event  detections  also  provide  a means  of  verifying  the  SP 
array  sensing  performance. 

4 . Event  Processing 

Event  processing  at  the  LDC  is  performed  to  assist 
in  our  teleseismic  event  reporting  to  VSC.  Event  data  with  am- 
plitudes too  small  to  pick  from  the  analog  film  recordings  are 
processed  digitally  through  a filter,  a beam  former,  and  a cross- 
correlation routine.  The  time  picks  from  either  these  strip 
charts  or  film  recordings  are  further  processed  to  obtain  location 
and  other  event  parameter  information.  (See  Section  III.A.l) 

C.  ARRAY  OPERATIONS 

1 . Monitoring 

The  array  and  data  center  systems  are  monitored  on 
a continuous  basis  to  provide  an  up-to-date  site/sensor  status 


Potter,  George.  (1975)  "LASA  Inner  Array  Recording  System"  LASA 
Program  Description.  Ford  Aerospace  & Communications.  Billings 
MT  26  MAR  75. 

Matkins,  R.  E.  (1976)  Montana  LASA  Semi-annual  technical  report. 
T/R  2126-76-75  (AD-A023  263)  23  JAN  1976. 

Needham,  R.  and  A.  Steele.  (1969)  Montana  LASA  data  analysis 
techniques.  S-110-33  Billings,  MT  May  1969. 
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information  input  to  the  LASAPS  processor  and  to  alert  maintenance 
to  trouble  sources.  Interruptions  of  the  array  data  are  shown  in 
the  monthly  operations  summary  reports.  SP  data  was  interrupted 
476.2  hr  during  this  period;  LP  396.9  hr.  Each  SP  subarray 
averaged  3.1  hr /month  outage;  LP,  3.7  hr /month.  Table  II  indicates 
the  data  interruptions  by  the  purpose  of  the  outage  and  Table  III 
shows  a summary  by  subarray  of  the  outages. 

2.  Communications  Monitoring 

Monitoring  of  the  array  communications  circuits 
between  each  of  the  thirteen  subarrays  and  the  data  center 
indicated  about  the  same  level  of  performance  as  previously 
observed.  The  long  term  circuit  availability  (since  DEC  1970) 
of  array  circuits  decreased  slightly  from  0.99687  to  0.99674. 
Circuit  outages-those  which  normally  exceed  2 or  3 minutes-of 
each  subarray  are  shown  together  with  the  short-and  long-term 
circuit  availabilities  in  Table  IV. 

The  extended  outages  exceeding  a two-hour  duration 
are  listed  in  Table  V. 

3 . Array  Calibrations 

Sinusoidal  calibrations  are  performed  daily  using 
Program  TESP  for  the  SP  seismographs  to  determine  the  condition 
of  the  array  equipment.  LP  seismographs  are  routinely  tested 
each  week  using  Program  TELP  for  sinusoidal  calibrations,  Program 
FREEK  for  free  period  measurement,  and  Program  MASPOS  for  measur- 
ing and  positioning  the  LP  seismometer  masses.  Other  computer 
controlled  tests  are  periodically  performed. 

D.  ANALOG  SYSTEM 

The  LASA  SP  Develocorder  operated  on-line  with  the 
array.  The  recording  format  consisted  of  center  holes  from  the 
C-and  D-Ring  and  AO  subarrays  plus  the  attenuated  signals  from 
AO  and  D4.  Develocorder  film  recordings  dating  from  24  DEC  73 
are  stored  in  the  library. 

Analog  signals  from  two  subarrays  (D1  and  C2)  are 
transmitted  to  the  National  Earthquake  Information  Service 
facility  in  Golden,  Colorado,  as  a part  of  their  on-line  seismic 
recording  system. 

E.  DATA  LIBRARY 

Recording  of  the  arrays  seismic  data  by  the  PDP-7 
computer's  seven-track  tape  units  using  our  LIARS  format 
covered  4202.0  hours  or  95.7%  of  the  six-month  period.  These 
6302  magnetic  tape  recordings  were  recycled  through  the  LDC's 
Data  Library  so  that  each  recording  was  retained  for  at  least 
60  days  before  reuse. 
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TABLE  II 


BBI  M/MlASlc  CO?t 

DATA  INTERRUPTIONS  BY  PURPOSE  OF  OUTAGE 
APRIL  \377  - SEPTEMBER  1977 


SF  ARRAY.  13  SITES 

TOTAL 

AVERAGE 

HOURS 

PER 

OUT 

SITE 

LDC  TESTING 

25, 

,56 

0. 

45 

SITE  FAILURES 

130, 

.50 

10. 

04 

LMC  MAINTENANCE 

20, 

,64 

1 . 

58 

TELCO  TEST/OUTAGE 

283, 

,77 

21. 

83 

PO'JER 

0, 

,00 

0. 

00 

LDC  FAILURES 

35. 

,53 

2. 

73 

TOTAL  5F  ARRAY 

476.23 

36.63 

LP  ARRPY,  9 SITES 

LDC  TESTING 

13.79 

2.09 

SITE  FAILURES 

130.50 

14.50 

LMC  MAINTENANCE 

16.90 

1.88 

TELCO  TECT-'OLITflGE 

195.20 

21.65 

POUER 

0.00 

0.00 

LDC  FAILUPE''- 

3C.53 

3.95 

OTAL  LP  Array 

396.92 

44.  10 

TABLE  III 


SUriMAP'''  OF  SUBAPFAY  DATA  INTERRUPTION  OUTAGES 


APRIL  1977 

- SEPTEMBER 
) 

1977 

SITE 

5P  DATA 

LP  DA’A 

TELCO 

AO 

113.95 

120.32  . 

33.64 

81 

5.27 

. . 

17.06 

82 

4.55 

- 

44.04 

83 

4.32 

- 

13.65 

84 

4.40 

- 

3. 89 

Cl 

5.42 

8.03 

8.47 

C2 

4.4'J 

6.91 

6 1 . 64 

C3 

7.04 

9.29 

17.23 

C4 

6.-.  75 

6.9- 

15.  14 

Di 

- 12.22 

8.  16 

20.82 

D2 

29.47 

32 . 73 

9.80 

D3 

5.32 

9.41 

11.40 

D4' 

5.34 

7.7E  , 

1 1.94 

TOTAL 

HRS  213.45 

209 . 55 

283.77 
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ARRAY 

COnriUNICATIONS 

OUTAGE  STATISTICS 

CIRCUIT  AVAILABILITIES 

SITE 

: CIRCUIT 

OUTAGE 

SHORT  TERM 

LONG  TERM 

04/-77-09/77 

04.''77-09.'7'7 

12/7O-09/'77 

A0 

4GD2704 

38.64 

99.  120 

99.448 

BI 

4GD2r01 

17.06 

99.612 

99.792 

B2 

4GD2ri0 

44.86 

98.979 

99.712 

B3 

4GD2705 

16.70 

99.620 

99.804 

B4 

4Gr2707 

8.39 

99.809 

99.736 

Cl 

4GD2708 

8.47 

99.807 

99.841 

C2 

4GD2709 

67.64 

98.460 

99.585 

C~ 

4GD271 1 

14.47 

99.602 

99.400 

C4 

4GD270S 

9.  14 

99.792 

99.746 

D1 

4GD2714 

20.83 

99.526 

99.644 

D2 

4GD27I5 

9.80 

99.777 

99.838 

D3 

4GD2712 

11.40 

99.740 

99.507 

D4 

4GD2713 

11.95 

99.726 

99.708 

Array  Total  279.35  hr  99.506  (Ave)99.674  (Ave) 


TABLE  V 

EXTEMiEP  CPRPY  DPTR  CCmL'H ICPTIONS  OUTPGES 


rPTE  DLlRflT.’OH  SITE  REASON 


r-; 

AO 

HIGH  LEVEL 

?5  05X77 

•j  1 3 

05 

TESTING 

05/06/77 

2 06 

B- 

TC5TU:G 

05 '08/7' 

6 0‘"» 

C2 

STCRM 

75.-  09  ■77 

1 1 

82 

STORM 

05/09.''7~ 

12  .:-5 

M 

STCRM 

05.  -16.  7 ’ 

> ■>  *? 

C 3 

STORM 

05 '■07- 77 

7 c? 

J 

AO 

LOST  DATA  CAME  CLEAR 

06  Tc  rr- 

2 21^ 

C2 

LOST  DATA  CAME  CLEAR 

05/15  7^ 

7P 

IP 

INVEi^TEP  FAILED  AT  ANGELA 

f'7''17/r' 

1 2 1 2 

82 

ANGELA  RADIO  PROBLEM 

07/1 7/77 

11  12 

7 2 
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The  LASA  Data  Library  now  contains  3068  of  the  2400- 
ft  tapes  which  are  currently  divided  into  these  categories: 


LIARS  Recording  Cycle  236 
Master  Edit  74 
Events  (permanent  files)  596 
Programming  (quality  tapes)  128 
Administrative  34 


There  are  4 disc  packs  with  the  LPS  75  (LASAPS)  system 
available  for  use  in  the  360  computer  operations. 


i 
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SECTION  III 


ARRAY  PERFORMANCE 


The  performance  of  the  array  as  determined  locally  is 
based  on  the  results  of  our  seismic  event  processing’,  SP  and  LP 
seismometer  testing  and  reliability  studies.  Results  from  each 
of  these  activities  are  summarized  in  the  following  paragraphs. 

A.  Seismic  Event  Processing 


1.  Teleseismic  Processing  Summary 


We  reported  to  VSC  3155  events  and  245  phases 
between  April  1,  1977  and  September  30,  1977.  These  events  are 
classified  in  Table  VI  and  show  an  average  of  18.6  detections 
per  day.  Approximate  locations  were  indicated  for  30%  of  the 
detected  events. 

Magnitudes  were  determined  for  the  894  located 
events.  The  smallest  magnitude  reported  was  3.5;  the  largest 
7.1.  Figure  3.1  shows  the  distribution  of  these  magnitudes.  The 
distribution  of  all  4642  event  magnitudes  reported  since  July  1, 
1975  is  shown  in  Figure  3.2. 

2.  Near -Regional  Detections 


The  LASA  near-regional  detection  reports  which  in- 
dicate a portion  of  the  near-regional  activity  continued  with  21 
Issues  between  April  1 and  September  30,  1977.  A total  of  78 
near-regional  or  regional  arrivals  were  reported. 

Periodic  supplements  report  the  blasting  activity 
at  the  known  strip-mines  located  near  the  LASA.  Table  VII  shows 
the  number  of  blasts  detected  from  each  of  the  several  strip  mines 
in  the  region.  The  blasting  activity  during  this  six-month  period 
decreased  by  about  1%  to  an  average  of  6.7  blasts/day  from  6.8 
reported  for  the  previous  period. 


B.  Seismic  Event  Processing  Analysis 


Limited  analysis  in  selected  areas  of  the  LDC  teleseismic 
reporting  Includes:  (1)  confirmation  of  reported  events  with  NEIS/ 
PDE  lists;  (2)  location  capability;  (3)  magnitude  accuracy;  and 
(4)  detection  threshold  of  the  LDC  teleseismic  reports. 

1.  Confirmation 


Investigation  into  the  confirmation  of  events  on  a 
seismic  region  basis  began  this  reporting  period.  To  date,  we 
have  checked  our  dally  reports  against  eight  PDE  monthly  listings. 
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TABLE  VI 


CLASSIFICATION  OF  DETECTED  TELESEISMIC  EVENTS 
April  1,  1977  - September  30,  1977 

Number  of  Events  Daily  Average 


Located  teleseisms 

894 

4.88 

(excluding  PKP's) 

PKP  (located) 

43 

0.23. 

PKP  (unlocated) 

384 

2.10 

Poor  or  weak  telseisms 

395 

2.16 

(not  located) 

pP  Phases 

143 

0.78 

Other  Phases 

102 

0.56 

Unprocessed  detections 

1439 

7.86 

TOTAL 

3400 

18.57 

10 


Figure  3.1  Magnitude  Distribution  of  Located  Events,  April  - September  1977 


NUMBER  OF  EVENTS 


e 

I 
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SUMMARY  OF  STRIP-MINE  BLASTING  ACTIVITIES  REPORTED  BY  LDC 
April  1,  1977  - September  30,  1977 

NUMBER  BLASTS 
REPORTED 


Colstrip,  MT  (WE) 

493 

( 40.0%) 

Decker , MT 

285 

( 23.1%) 

Sarpy  Creek,  MT  (W) 

171 

( 13.9%) 

Colstrip,  MT  (P) 

94 

( 7.6%) 

Wyoming 

74 

( 6.0%) 

British  Columbia,  Canada 

68 

( 5.5%) 

Unknown 

24 

( 1.9%) 

Unknown,  NE 

16 

( 1.3%) 

Warren,  MT 

3 

( 0.3%) 

South  Dakota 

3 

( 0.3%) 

Roundup , MT 

1 

( 0.1%) 

TOTAL 

1232 

(100.0%) 
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We  are  using  thirty-three  regions  in  this  study.  Of  the  2959 
PDE  events,  LDC  reported  1547  or  52.3%.  Confirmations  ranged 
from  91%  in  Central  America  to  only  3%  in  the  Philippines.  This 
region  study  has  indentified  the  regions  with  a high  degree  of 
detectability  as  well  as  the  blindspots  in  our  event  reporting. 

We  also  analyzed  these  events  according  to  size  with  the  follow- 
ing results:  events  with  mb^  4^6  and  within  90°  LDC  reported  82%; 
events  with  mb^  4.6  and  over  90  , 37%;  events  with  mb^  4.6  and 
within  90°,  44%;  events  with  mb>  4.6  and  over  90°,  13%. 

2 . Location 

A comparison  between  event  locations  as  determined 
at  the  LDC  and  those  given  on  the  eight  monthly  PDE's  under  study 
were  investigated  on  a seismic  region  basis.  Of  the  990  events 
used,  the  average  location  error  was  5.5°.  Using  only  the  386 
events  with  good  signal  correlation  across  the  array  (Type  1 
classification)  the  location  error  averaged  4.9°.  Confirmation 
on  a seismic  region  basis  ranged  from  an  average  error  of  2.7°  on 
88  events  from  the  Japan,  Kuriles,  Kamchatka  region  to  9.9°  on  13 
events  from  the  Western  Asia  region.  This  study  has  pointed  out 
the  regions  in  our  event  processing  program  that  need  new  station 
corrections . 

3 . Magnitude 

Magnitude  comparisons  are  made  between  the  LDC 
calculations  and  the  magnitudes  of  the  events  as  they  are  later 
listed  in  PDEs.  The  results,  which  are  shown  in  Figure  3.3  for 
the  past  six-months  and  in  Figure  3.4  from  July  1975.  There  were 
no  changes  in  our  local  procedures  in  determining  the  magnitude 
estimate  during  this  reporting  period. 

4 . Detection  Threshold 

We  estimate  the  mb  detection  threshold  of  our  daily 
reports  at  4.99  (90%)  and  4.55  (50%)  based  on  4642  event  magnitudes 

reported  during  the  27  consecutive  months  between  1 July  1975  and 
30  September  1977.  The  measurement  method  used  a least  squares 
fitted  straight  line  through  a part  of  the  cumulative  log  fre- 
quency-magnitude distribution  between  7.3  and  4.7  magnitude 
limits,  a reasonably  straight  portion  of  the  distribution.  The 
90%  and  50%  detection  thresholds  are  those  magnitudes  at  which 
the  actual  number  of  events  falls  10%  and  50%,  respectively,  below 
the  level  predicted  by  the  extrapolation  of  the  straight-line, 
frequency-magnitude  distribution  towards  the  lower  magnitudes. 

The  equation 

log  N = 9.05  - 1.15  mjj 

defines  the  straight  line  used  with  this  data  set. 
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SP  Seismometer  Testing 

1.  Performance  Measurement  Using  Program  TESP 


Weekly  measurement  of  each  of  the  LASA  short  period 
seismographs  is  provided  remotely  by  PDP-7  program  TESP,  which 
measures  the  seismograph  response  to  a one-second  sinusoidal  signal. 
During  contract  VT  7708  the  average  mean  sensitivity  of  the  210 
LASA  SP  seismographs  was  19.83  mV/nm  at  one-second  periods  with 
the  average  standard  deviation  being  0.68  mV/nm.  The  tolerance 
limits  for  the  SP  seismograph  sensitivity  have  been  set  at  20 
±3  mV/nm.  The  weekly  test  results  are  provided  in  Table  VIII. 

The  past  three  contract  averages  along  with  those  of  the  current 
contract  are  summarized  in  Table  IX.  The  number  of  functioning 
sensors,  sensitivity  mean,  sensitivity  standard  deviation,  maxi- 
mum sensitivity  for  the  array,  minimum  sensitivity  for  the  array, 
and  the  difference  between  the  maximum  and  minimum  sensitivity 
are  given  by  contract. 

Sensitivity  is  a function  of  the  output  of  the 
seismometer  divided  by  the  input  to  the  seismometer  and  is  cal- 
culated using  the  following  relationship: 


\Gc  T^/l 


= 1.01  X 10^  ~ volts/meter 


where  S = SP  Channel  Sensitivity  at  period  T in  seconds 
M = SP  Seismometer  moving  mass  in  kilograms 
Eo  = SP  Channel  Output  in  volts 

Gc  = SP  Seismometer  generator  constant  in  newtons/amp 
I = Calibration  current  into  the  SP  seismometer 
calibration  coil  in  amps. 

2 . Frequency  Response  Measurements  Using  RPGTWO 

PDP-7  programs  RPGONE  and  RPGTWO  are  used  to 
measure  the  broadband  response  of  the  array's  seismographs  and 
to  verify  the  responses  are  within  the  tolerances  shown  in  Table 
X.  Response  data  was  collected  using  RPGONE  on  March  23  and 
September  10.  Array  off-line  processing  using  RPGTWO  provided 
the  results  for  the  array  shown  in  Table  XI. 


LP  Seismometer  Testing 

1.  Performance  Measurement  Using  Program  TELP 


Program  TELP  measures  the  response  of  the  LASA 
long  period  seismographs  to  a 25-second  sinusoidal  signal.  The 
tolerance  limits  for  the  27  long  period  seismographs  have  been 
established  at  350±50mV//jm.  During  the  final  six  months  of  the 
current  contract  the  weekly  mean  sensitivities  of  the  LP  seismo- 
graphs averaged  345.1  mV/jum.  Table  XII  gives  the  weekly  test 
results.  This  average  is  compared  with  previous  contract  periods 
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TABLE  VIII 


SP  RRRRY  CHANNELS  ONE-HERTZ  SENSITIVITY  STBTISTICS,«V/Hn 


DATE 

SENSORS 

tlEAN 

STD  DEV 

MAX 

MIN 

MAX  DEV 

10/04 

209 

20.33 

0.75 

23.28 

18.50 

4.78 

10/11 

208 

19.94 

0.54 

21.63 

18.06 

3.57 

10/18 

207 

20,33 

0.71 

22.16 

18.20 

3.90 

10/25 

207 

20.  16 

0.71 

22.63 

18.01 

4.62 

11/01 

208 

20.01 

0.50 

21,91 

18.68 

3.23 

1 1/08 

209 

19.87 

0.62 

21.99 

16.  12 

5.87 

1 1/13 

209 

19.88 

0,67 

22.33 

18.03 

4.30 

1 1/22 

208 

19.92 

0.49 

21.90 

18.54 

3.36 

1 1/29 

208 

19.85 

0.75 

21.98 

17.30 

4.68 

12/06 

209 

19.86 

0.64 

22.57 

16.27 

6.30 

12/13 

209 

19.89 

0.53 

22.08 

18.20 

3.88 

12/20 

208 

19.88 

0.67 

21.74 

18.00 

3.74 

12/27 

208 

19.88 

0.45 

21.62 

18.59 

3.03 

01/03 

209 

19.73 

0.67 

22.45 

17.00 

5.45 

01/10 

209 

19.57 

0.88 

22.64 

16.70 

5.94 

01/17 

209 

19.82 

0.60 

22.58 

17.63 

4.95 

01/24 

208 

19.82 

0.57 

23.22 

18.08 

5.  14 

01/31 

208 

19.76 

0.74 

22.67 

17.41 

5.26 

02/07 

193 

19.81 

0.52 

22.57 

17,65 

4.92 

02/14 

209 

19.93 

0.49 

22.51 

18.47 

4.04 

02/21 

209 

19.89 

0.52 

22.23 

17.47 

4.76 

03/01 

209 

19.88 

0.62 

22.60 

14.32 

8.28 

03/07 

209 

19.98 

0,77 

23.90 

14.37 

9.53 

03/14 

209 

19.88 

0.66 

22.38 

13.98 

8.40 

03/20 

209 

19.90 

0.63 

22.96 

14.26 

8.70 

03/28 

207 

19.95 

0,58 

23.22 

18.36 

4.86 

04/04 

209 

19.99 

0.71 

22.01 

18,55 

3.46 

04/1 1 

207 

19.94 

0.69 

22.28 

17.78 

4.50 

04/18 

209 

19.86 

0.70 

22.45 

17.56 

4.89 

04/25 

209 

19.77 

0.82 

22.69 

17.44 

5.25 

05/02 

209 

19.54 

0.95 

22,82 

16.74 

6.08 

05/09 

209 

19.36 

1.12 

24,22 

17.21 

7.01 

05/16 

209 

19.77 

0,85 

22.74 

16.78 

5.96 

05/23 

208 

19.75 

0.78 

23.  10 

17.36 

5.74 

05/30 

209 

19.71 

0.65 

22,64 

17.60 

5.04 

06/06 

206 

19.36 

0.72 

22.06 

17.26 

4.80 

06/13 

208 

19.62 

0.80 

22.85 

17.42 

5.43 

06/20 

209 

19.55 

0,72 

22,67  • 

16.94 

5.73 

06/27 

07/04 

209 

NO  TESP 

19.35 

AVAILABLE 

• 0.65 

22.21 

17.67 

4.54 

07/1  1 

208 

19.76 

0.81 

22.76 

16. 13 

6.63 

07/17 

191 

19.  17 

0.68 

23.15 

17.71 

5.44 

07/  24 

208 

19.24 

0.64 

21.77 

17.  18 

4.59 

07/;;  ■> 

206 

19.56 

0.64 

22.42 

17.66 

4.76 

08 /(.V 

209 

19.68 

0.61 

22.45 

18.29 

4.  16 

0b/.  i 

208 

20.01 

0.64 

22.61 

17.92 

4.69 

01/2 

210 

19.84 

0.70 

25.  14 

18.49 

6.65 

21. -'29 

209 

20.07 

0.67 

23.51 

17.86 

5.65 

’i«/R4 

209 

19.97 

0.62 

^2. 13 
44.32 

17.05 

5.08 

09/11 

209 

20.00 

0.71 

15.92 

6.60 

09/18 

208 

20.  12 

0.72 

22.61 

18.28 

4.43 

09/25 

210 

20.  18 

0.79 

22.76 

17.78 

4.98 

VT7708 

AVERAGE 

207.0 

12.3? 

0.68 

22.59 

17.35 

25 
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TABLE  IX 


SP  ARRAY  PERFORMANCE  TESTING  SENSITIVITY  STATISTICS 


SP 

Sensors 

Sens 

Mean 

raV/nm 

Sens 

Std  Dev 
mV/nm 

Sens 

Min. 

mV/nm 

VT  7708 

Contract 

Average 

208 

19.82 

0.68 

22.59 

17.35 

5.25 

VT  6708 

Contract 

Average 

206 

19.  B3 

0.83 

22.91 

16.69 

6.22 

VT  4708 

Contract 

Average 

206 

20.05 

0.85 

23.36 

16.78 

6.58 

VT  2708 

Contract 

Average 

208 

20.14 

0.79 

22.86 

16.96 

5.90 

a « 

' 

TABLE  X 

SP  SEISnOGRPPH 

GAIN  FREQUENCY  RESPONCE 

TOLERANCES 

GAIN 

GAIN 

FREQUENCY 

WXIMUM 

rilNIMUn 

‘ 

(HERTZ) 

(DB) 

(DB) 

0.0?a74 

-29.43 

-34.43 

0. 15748 

-16.65 

-21.65 

0.236P2 

-11.30 

-16.30 

0.3  MSG 

-8.49 

-13.49 

0.38370 

-6.40 

-11.40 

♦ 

0 . 47244 

-5.06 

-10.06 

0.55118 

-3.63 

-8.63 

0.62932 

-2.23 

-7.23 

0.70866 

-1.46 

-6.46 

0.78740 

-0.96 

-5.96 

0.86614 

-0. 19 

-5.  19 

0.94488 

0.  17 

-4.83 

1.02362 

0.32 

-4.68 

i 

1.10236 

0.27 

-4.73 

1.18110 

0.72 

-4.28 

■ 

1.25984 

0.62 

-4.38 

1 . 49606 

0.04 

-4.96 

[ 

1.73223 

-0.82 

-5.82 

1.96850 

-1.70 

-6.70 

2 . 20472 

-3.11 

-8.11 

2 . 44094 

-3.88 

-8.88 

2.67717 

-4.75 

-9.75 

i 

2.91339 

-5.41 

-10.41 

1 

3. 14961 

-6.49 

-11.49 

3.38583 

-6.91 

-11.91 

3.62205 

-8.  19 

-13. 19 

3.85827 

-8.  15 

-13.15 

4.09449 

-9.05 

-14.05 

4.33071 

-9.11 

-14.11 

4.56693 

-8.89 

-13.89 

4.80315 

-9.54 

-14.54 

5.03937 

-11.59 

-16.59 

5.27559 

-12.69 

-17.69 

5.51  Ib'l 

-14.87 

-19.87 

i 

5.74803 

-18.07 

-23.07 

1 

5.98425 

-20.32 

-25.32 

I 

i 

} 

1 

TABLE  XI 


RESULTS  OF  SP  SEISMOGRAPH  BROADBAND  RESPONSE  TESTING 


Seismograph  Response 


No. 

March  Test 


No. 

Sept  Test 


within  tolerance 


improper  low  frequency 
high  amplitude 
low  amplitude 


improper  high  frequency 
high  amplitude 
low  amplitude 


improper  low  and  high  frequency 
high  amplitude 
low  amplitude 
low/high 
high/high 
low/ low 


Not  tested 


No.  SP  Sensors 


TABLE  XII 


LP  fiRRflV  CHfiNNEUS  2S-SEC  SENSITIVITY  STfiTlSTICS.ftV-JXM 


DATE 

SENSORS 

MEAN 

STD  DEV 

MAX 

MIN 

MAX  DEV 

10/04 

24 

341.4 

17.70 

376.51 

309.19 

67.3 

10/11 

24 

342.3 

19.09 

376.51 

301.23 

75.3 

10/18 

24 

341.8 

21.51 

381.89 

297.82 

84. 1 

10/25 

24 

344’.  9 

22.56 

384.86 

298.89 

86.0 

11/01 

24 

340.8 

27.28 

387.02 

259.89 

127.  1 

11/08 

18 

346.0 

19.92 

377.02 

300.55 

76.5 

11/15 

24 

357.4 

38.83 

472.42 

302.60 

169.8 

1 1/24 

24 

350.4 

20.92 

393.50 

313.83 

79.7 

1 1/29 

24 

351.5 

17.96 

378.08 

299.65 

78.4 

12/06 

24 

351.4 

17.95 

384.08 

301.90 

82.2 

12/13 

24 

354.9 

20.02 

400.62 

301.23 

99.4 

12/20 

24 

352.6 

24.51 

407.63 

302.58 

105.1 

12/27 

23 

352.5 

21.17 

386.28 

297.40 

88.9 

01/03 

24 

349.7 

20.03 

388.27 

300.78 

87.5 

01/10 

24 

350.6 

21.36 

■ 390.36 

298.74 

91.6 

01/17 

24 

350.5 

23.05 

395.53 

293.08 

102.5 

01/24 

24 

354.9 

20.37 

395.37 

306.28 

89.1 

01/31 

24 

354.6 

16.51 

396.42 

325.40 

71.0 

02/07 

18 

357.4 

16.75 

395.37 

333.85 

61.5 

02/14 

24 

353.6 

17.69 

397.47 

314.00 

83.5 

02/21 

24 

355.6 

18.19 

395.37 

324.43 

70.9 

02/28 

24 

353.2 

16.52 

395.37 

322.81 

72.6 

03/07 

24 

353.7 

17.80 

392.23 

319.30 

72.3 

03/14 

24 

351.4 

17.  16 

393.27 

318.80 

74.5 

03/21 

24 

350.9 

19.04  ■ 

394.32 

307.81 

86.5 

03/28 

24 

347.0 

20.  17 

384.48 

316.61 

67.9 

04/04 

24 

352.2 

17.50 

391. 18 

321.29 

69.89 

04/1 1 

24 

345.5 

20.04 

388.03 

284.24 

103.79 

04/18 

24 

344.9 

16.47 

384.88 

318.06 

66.82 

04/25 

23 

344.4 

14.09 

376.49 

319.57 

56.92 

05/02 

24 

333.3 

14.27 

361.37 

298.80 

62.57 

05/09 

24 

339.9 

11.25 

359 . 48 

313.31 

46.17 

05/16 

24 

340.6 

10.95 

357.28 

313.31 

43.97 

05/23 

24 

340.  1 

11.14 

358.38 

317.  10 

41.28 

05/30 

21 

333.8 

29.60 

394.32 

247.49 

146.83 

06/06 

24 

336.1 

12.75 

367.08 

310.17 

56.91 

06/13 

24 

331.2 

14.03 

349 . 74 

292.42 

57.32 

06/20 

24 

331.5 

21.38 

360.84 

247.55 

113.29 

06/27 

20 

330.5 

18.51 

357.17 

288.81 

68.36 

07/04 

24 

341. 1 

30.75 

436.45 

309.  13 

127.3 

07/1 1 

24 

340.4 

29.01 

417.75 

306.00 

111.8 

07/17 

22 

330.7 

13.76 

357.28 

312.90 

44.4 

07/24 

22 

333.3 

13.38 

354. 12 

307.91 

46.2 

07/31 

22 

330.8 

17.46 

360.20 

298.53 

61.7 

08/07 

27 

339.6 

11.77 

• 364.77 

317.66 

47.1 

08/14 

27 

339.3 

17.42 

376.82 

298.87 

77.9 

08/21 

27 

334.4 

20.53 

369.37 

296.  12 

73.2 

08/28 

27 

341.6 

20.27 

378.31 

261.22 

117.  1 

09/04 

19 

348.4 

30.49 

399. 18 

247.47 

151.7 

09/11 

27 

348.6 

15.74 

382.20 

315.55 

66.6 

09/18 

27 

349.8 

18.22  ■ 

393.22 

313.83 

79.4 

09/25 

27 

350.0 

14.09 

383.28 

315.55 

67.7 

VT770a 

AVERAGE 

23.8 

345.  1 

19.21 

384.60 

302.73 

81.9 

I 


in  Table  XIII.  Included  in  the  summary  are  the  number  of  function- 
ing sensors,  sensitivity  mean,  sensitivity  standard  deviation,  max- 
imum sensitivity  for  the  array,  minimum  sensitivity  for  the  array, 
and  the  difference  between  the  maximum  and  minimum  sensitivity. 


Sensitivity,  a function  of  seismograph  output 
divided  by  the  input,  is  calculated  according  to  the  following 
relationship; 


where  S . 
M 
Eo 
Gc 
I 


22.56 


I 


volts/meter 


LP  Channel  Sensitivity  at  period  T in  seconds 
LP  Seismometer  moving  mass  in  kilograms 
LP  Channel  output  in  volts 

LP  Seismometer  generator  constant  in  newtons/amp 
Calibration  current  into  the  LP  seismometer 
calibration  coil  in  amps 


2.  LP  Seismometer  Positioning  Analysis 

The  long  term  positioning  statistics  for  the  LP 
seismometer  are  shown  in  Table  XIV  where  the  remote  adjustments 
for  both  mass  positioning  (since  6 DEC  71)  and  free  period  cor- 
rection (since  2 JAN  73)  are  shown  and  total  2150.  The  mean- 
time-between-adjustment  (MTBA)  for  each  seismometer  is  shown  and 
varies  from  12.32  days  for  sensor  Dl  N/S  to  76.11  days  for  sensor 
D3  E/W.  The  average  MTBA  for  the  array  is  1.16  days  and  for  a 
seismometer  is  31.37  days. 

3 . LP  Seismometer  Magnification  Response  Curves 

Magnification  response  measurements  on  the  LASA  LP 
seismometers  began  in  September  1977 ; subarrays  Dl  and  D4  were 
completed.  Since  we  have  no  means  of  measuring  the  displacement 
of  the  mass  resulting  from  our  signal  input  to  the  seismometer's 
calibration  coil,  the  equivalent  motion  input  was  calculated. 

The  magnification  response  curves  for  the  D4  LP  seismometers 
connected  to  the  LASA  Maintenance  Display  Console  are  shown  in 
Figures  3.5  thru  3.7.  These  curves  are  based  on  the  following 
magnification  (M)  relations 


M = where  A is  the  peak-to-peak  amplitude 

Y of  the  test  signal  on  the  chart  record 

at  the  output  of  the  seismograph  and 

Y is  the  equivalent  peak-to-peak 
amplitude  of  the  mass  motion  result- 
ing from  the  test  signal  applied  to 
the  seismometer's  calibration  coil. 


i 
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TABLE  XIII 

LP  ARRAY  PERFORMANCE  TESTING  SENSITIVITY  STATISTICS 


LP 

No. 

Sensors 

Sens 

Mean 

Sens 

Std  Dev 
mV/ Jim 

Sens 

Max. 

mV/jxm 

Sens 

Min. 

mV/jim 

Sens 
Dev. 
mV/ Jim 

VT  7708 

Contract 

Average 

24 

345.1 

19.2 

384.60 

302.7 

81.9 

VT  6708 

Contract 

Average 

25 

339.9 

19.2 

383.9 

294.9 

89.0 

VT  4708 

Contract 

Average 

26 

337.4 

18.2 

376.7 

297.9 

78.8 

VT  2708 

Contract 

Average 

22 

347.0 

16.0 

382.6 

319.0 

63.6 

2 


r 


I 


I 

I 


TABLE  XIV 


BESr  AVAIIABIE 


i 
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LP  SEISMOMETER  REmiE  ADJUSTMENTS 


MOSS 

POSITION 

ADJUSTS 

FREE 

PERIOD 

ADJUSTS 

CODE  I NED 

ADJUSTTCNTS 

AVG 

AVC 

AVG 

10/26 

12/71 

DAYS- 

10/76 

tt  1 -'73 

DAVS- 

10 --76 

LONG 

DA'.'S- 

THRU 

THFU 

BETUEEN 

THPM 

THRU 

6ETUPEN 

THRU 

TERM 

BETUEEN 

09/'7r 

09  77 

ADJUSTS 

OJ  77 

09- '77 

ADJUSTS 

09 '77 

ADJUSTS 

fl0  V 

10 

•J'** 

43.49 

1 

J‘.' 

! 15.1.0 

15 

64 

33.30 

fl0  NS 

3 

5t-..Ci3 

19 

•M  ..■■0 

U 

57 

37.39 

00  eu 

F.O 

75 . 52 

9 

r^2.67 

9 

69 

30.88 

Cl  V 

10 

SO 

42 . 62 

- 

!'■ 

; lU.t  o 

12 

65 

32,73 

Cl  NS 

13 

;3.44 

5 

■53 

18 

71 

30.01 

Cl  EU 

9 

‘ I'l  . 

■:2 . 62 

4 

15 

ns.  CO 

13 

65 

32.78 

CZ  V 

1 1 

S9 

36.12 

4 

16 

100.33 

15 

75 

23.41 

C2  NS 

13 

73 

29.  19 

1 ■> 

44 

39.41 

30 

117 

18.21 

C2  EU 

21 

9? 

21.53 

- 

15 

1 15.60 

23 

114 

18.69 

C3  V 

16 

79 

26.97 

0 

3 

573.00 

16 

82 

25.99 

C3  NS 

15 

30 

26 . 64 

3 

12 

144.50 

18 

92 

23. 16 

C3  EU 

14 

05 

25 . 07 

3 

1 1 

157.64 

17 

96  . 

22.20 

C4  V 

1 1 

59 

36.  12 

0 

4 

433.50, 

11 

63 

33.83 

C4  NS 

T 

29 

73. 4S 

5 

9 

192.67 

12 

38 

56.08 

C4  EU 

6 

60 

35 . 52 

0 

2 

367.00 

6 

62 

34.37 

D1  V 

8 

46 

46 . 33 

3 

10 

173.40 

11 

56 

38.05 

D1  NS 

39 

139 

15.33 

16 

34 

51.00 

55 

173 

12.32 

PI  EU 

17 

109 

19.55 

1 

13 

1 .48 

13 

122 

17.47 

D2  V 

13 

63 

33.33 

0 

7 

247.71 

13 

70 

30.44 

D2  NS 

6 

52 

40.95 

0 

2 

867.00 

6 

54 

39.46 

D2  EU 

12 

34 

25.37 

1 

3 

578.00 

13 

87 

24.49 

D3  V 

15 

31 

26.31 

0 

5 

346 . 80 

15 

86 

24.78 

D3  NS 

10 

35 

60.89 

I' 

1 I 

157.64 

17 

46 

46.33 

D3  EU 

7 

..  1 

Ifl .42 

_ 1 

7 

24,  .:•! 

1 1 

-5-1 

76.11 

D4  V 

1 I 

61 

74.93 

•4 

1 

247.71 

15 

68 

31.34 

P4  MS 

24 

1-0 

15..?2 

30 

5 7 . 50 

31 

170 

12.54 

r4  EU 

6 

50 

42 . C2 

0 

10 

1 73 . 40 

6 

60 

35.52 

I 


) 
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Figure  3.5  Montana  LASA  LP  Sensor  Magnification  Response  Curve 
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SUBARRAY  04  SENSOR  _NS.  DATE  8-30-77 


Figure  3.6  Montana  LASA  LP  Sensor  Magnification  Response  Curve 


MAGNIF 


SUBARRAY  D4  SENSOR  EW  DATE  8-30-77 


Figure  3.7  Montana  LASA  LP  Sensor  Magnification  Response  Curve 


MgW^  Where  Gg  is  the  calibrator  motor 

constant,  standardized  at  0.028 
newtons/ampere  at  LASA, 

i is  the  peak-to-peak  amplitude 
of  the  current  applied  to  the  cali- 
bration coil, 


Mg  is  the  moving  mass  of  the 
seismometer,  nominally,  10  Kg,  and 

W is  the  angular  frequency  of  the 
calibration  signal  current  in  radians/ 
sec  and  equals  2‘n/T  where  T is  the 
period  of  the  calibration  signal. 


substituting  gives, 

A Mg 

M = 

Gci 

A 

M r 15000 

1X2 


4tt^A  Mg 

GciT^ 


A 

14099  

1X2 


where  A is  in  volts, 

i is  in  amperes,  and 
T^is  in  seconds^ 


E.  RELIABILITY 

Reliability,  as  used  in  this  section,  is  a term  used 
to  indicate  the  probability  that  a system  will  operate  at  any 
given  time.  -As  a measure  of  reliability  we  use  the  statistic: 
"Failures  per  Hour  . The  more  failures  per  hour  the  lower  the 
reliability . 

A failure  is  defined  to  be  any  condition  caused  by  a 
defective  component  that  causes  the  system  to  be  inoperative. 

An  inoperative  system  which  can  be  corrected  by  adjustment  of  any 
component  is  considered  not  in  "failure"  mode  but  rather  in 
"trouble"  mode.  Our  measure  of  reliability  uses  only  failure  modes 
and  Ignores  trouble  modes. 

Table  XV  lists  the  failures  per  hour  for  most  of  the 
equipment  used  in  connection  with  the  LASA  array.  The  reciprocal 
of  failures  per  hour  is  the  mean-time-between-f allure  (MTBF) . 

Table  XV  also  contains  MTBF  values  in  hours. 

Each  data  set  is  given  in  two  columns.  The  first  column 
covers  the  time  from  1 March  1970  through  30  June  1977  and  the 
second  column  covers  the  time  from  1 March  1973  through  30  June 
1977.  By  comparing  the  failures  per  hour  of  the  two  columns  we 
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TABLE  XV 

EPUIPMENT  FPILURE  ROTES 


failures -'HOUR 

MTBF 

RRROY  SYSTEn  EQUIPMENT 

SINCE 

SINCE 

SINCE 

SINCE 

3M70 

3.  70 

3,''73 

SHORT  PERIOD  SYSTEM 

e.O07'3C 

0.0'-  525 

12G 

191 

SEISMOMETER 

0 . 00 1 49 

O.iiJlOb 

bfNT 

948 

UHV  PMPUIFIEi? 

o.iioeYi 

0.00399 

158 

250 

POUER  SUPPLY 

O.iiLUn 

ii.uooi;- 

c-  e r, 

J ' 

5344 

UWV  CIRCUITS 

n.ocLiO'' 

0 . oouoo 

-- 

— 

UHV  CPBLIMG 

n.'iijLi;;'' 

0.00003 

b4"'9F. 

35064 

CTH  CIRCUITS 

-.'.I'COO  ■ 

0 . cioono 

32143 

— 

LONG  FE'^IOr 

“<11,  : . 

■ • • '005 ! 

22 1 7 

1948 

'.■TLk'  r . SE  l'..i  IDMETER.'TPIIi: 

ti.ii.’MM  • 

! . .UUOb 

*r*  t « 

17532 

MURC.  SEISlIOrir  TCp  Thtll 

M . . iilt'M  ■’ 

1 ■ . » '»:iJUP 

3jl4:J 

17532 

LP  VRULT  CRCL  ItIG 

U . cuu.  1..' 

... . oouoo 

— 

— 

LP  JUMCTIOH  PSCLMBLV 

p . i.i*  II 1-  ’ ; 

II.P'OOOI-. 

32  1 43 

17532 

LP  VRULT  TEPriMliiL 

-iiirfiP 

■i.  iiOLino 

— 

— 

MOTOR  ROStOtR!  V 

' . P'.'f”; ' ■ 

■' . I.II.  1.'. 

. 9i.; 

OEISrUC  RflPl.  II  If  R 

; . pi  IP  i 

o. i.i; to  M 

“.-•ri 

2922 

ROUCR  SUPRL'i’ 

L.  I'-'OLI,.' 

P . i)i  tPOO 

64296 

— 

CTH  CIRCUITS 

C . OOC'OO 

C4296 

GUFRRRR'/  F.LEC TI  C! lies  Il'ilUJLES 

'.'.nuC'-i- 

il.TiDl  IC 

^ ">  'r 

674 

irirUT  DRRI..1LP- 

!'» . MPp'' 

n.oco'l- 

18 '9  I 

3183 

MULT  I RLE:  ;lp  r.vi. 

' j ' 

1.1 . Piirt":  ] 

!'■ 

3133 

O'  lTPUT  DRPi 

L.O  ■o:-;! 

0 . 1'.  Hi.’  1 4 

4j3'-. 

7013 

CONTROL  PRNL^IF 

c.f.  1131  • 

1 .CoiJ.l 

' 1 

1403 

flU. TILRRV  CON!  ' TICNING 

P.ponnv 

0 . 00009 

2il32 

— 

sen  CRCINET  I.kO:  MIG 

0.1-  U'-02 

U . 00000 

— 

rlhrms 

0 . 00 002 

1 J , t ipl..  /p 

— 

SUBRRRRV  POULR  . TEN 

0 . 00020 

r..00;.’17 

. »• 

5844 

CONTROL  flSSE;ll;;.V 

0.00011 

P . POPOS 

■9  M'S 

17532 

IN'vERTEP 

0.00012 

TCiOl  1 

■"03:' 

3766 

CHRFGEP 

P . Oi'P'.'’'' 

.00000 

64l':'i-. 

— 

ORTTER'f 

L . '.lU  JOO 

0 . 'TO'  ;oo 

-- 

— 

SOLO  TRRNSFORriLP 

I'l . j iPi.C: 

0 . 1.IOQ-'O 

jr. 

— 

RflCK/'CRBLING 

ij . ooo.;.2 

0 . 000.90 

— 

ISOLRTION  TPhNSF'JPMER 

0 . DOUOU 

0 . iJOOCii '. 

CTH  WIRIMG/BREHKEPS 

0,00000 

0.00000 

— 

— 

360  COMPUTER 

n.nnocc 

0 . 00  1 29 

] 090 

779 

CPU  2044 

O.UOOSb 

•■i . 00054 

2, '-95 

1845 

DISC  DRIVE  23ir. 

0.00006 

0 . 00009 

16074 

11688 

TYPEURITER  10S2 

0.00044 

0 . 00060 

2296 

1670 

CRRD  PERDER  2501 

0 . 00000 

0.00000 

— 

— 

DRTR  CONTROL  1326 

Cl . 00002 

0.00003 

64.296 

35064 

DRTR  ADAPTER  1327 

0 . 00003 

0,00003 

32  i 4:3 

35064 

DATA  ADAPTER  270-1 

0.00002 

0 . 00000 

(34296 

— 

i 


}' 
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TABLE  XV  (CONTINUED) 


PDP-r’  COnPUTEP  O.r.iOri  0.00086 

CPU  - .'Dll  0.00043 

TELEPRtHTEP  i:il’ 0.00026 
C3RP  REOPER  n.mjooo  0.00003 

SERI0L  OUTPUT  Jlir.  P . OOOO:’  0.00003 

PIGITfif  SYSTEn  P. 0001b  0.00023 

TiniNG  3‘i'^TEri  I'.onoil  0.00017 

POUER  SYSTEII  O.OU002  0.00003 

PL  INS  U. 00000  U.  00000 

MINS  0. 00003  0.00003 

RNflLOG  SYSTEM  0.0003‘J  0.00128 

Pfl  CONVERTERS  0.00002  0.00000 

PM  SYSTEM  C.OOOOS  0.00006 

UWV  RECEIVER  . 0.1:0002  0.00000 

flMRLOG  CftLlFJPRTION  SYSTEM  O.UHOOO  0.00000 

RNftLOG  TIMING  SYSTEM  0.00002  0.00003 

DEVELOCDRP'^PS  0.00067  0.00105 

16  CHftNNEl  :“'HfiRT  RECOPPER  0.00016  0.00017 

LDC  TEST  0NP  3UFF0RT  O.OOQGl  0.00063 

M0INT.  DISF'Lfi'i’  CONSOLE  0.00037  0.00023 

FILM  VIEt.eP  0.00002  C. 00003 

TfiPE  CLEfiMER  0.0UOO3  0.00000 

DIGITAL  CI.0C6S  O.OOOOO  0.00000 

EMERGENCY  LIGHTS  O.0OOOU  0.00000 

BLOWER.  COMPRESSOR  0.00002  O.CO0O3 

CONDITIONER  O.OOO.I.-’  0.00020 

HUMIDIFIER  1.00003  O.ODOCb 

ELECTROSTR'''ir  FILTERS  0 . OTOan  M 00000 


1312 

2296 

4206 

12059 

64296 

6430 

9185 

64296 

32148 

1054 

64296 

12859 

64296 

64296 

149S 

6430 

1649- 

2679 

64296 

3.214S 


64296 

9037 

32148 


1169 

2063 

3696 

11688 

35064 

4383 

5844 

35064 

35064 


35064 

974 

5644 

1594 

3506 

35064 


35064 

5009 

17532 


determine  if  there  has  been  a significant  change  in  the  reliability 
of  a given  system  over  the  past  four  years.  A significant  increase 
in  the  failures  per  hour  in  the  second  column  indicates  a decrease 
in  reliability  and  potential  increases  in  future  maintenance  re- 
quirements . 

1 . Array  Reliability 

An  inspection  of  Table  XV  reveals  a change  in  the 
failures  per  hour  of  all  four  array  systems.  Only  the  Long  Period 
System  experienced  a slight  increase  in  the  number  of  failures  per 
hour.  The  other  array  systems  show  a significant  decrease  in  fail- 
ures per  hour  over  the  past  four  years. 

The  increased  reliability  of  the  Subarray  Electr- 
onics Modules  (SEM)  is  seen  to  be  the  result  of  improved  reliability 
of  the  input,  output  and  control  drawers.  A possible  future  problem 
exists  with  the  multiplexer/ADC.  There  has  been  an  increase  in 
failure  rate  of  this  component  over  the  past  four  years.  The 
number  of  failures  per  unit  over  the  period  of  time  indicates 
that  even  this  component  is  still  reliable. 

Two  components  of  the  short  period  system  have  con- 
tributed to  its  increased  reliability.  The  seismometer  and  the 
WHV  amplifier  have  both  shown  a significant  improvement  which  is 
in  turn  reflected  in  an  improved  Short  Period  System 

The  improvement  of  the  reliability  of  the  LASA 
array  is  the  result  of  improvements  in  maintenance  procedures. 

Better  testing  methods  have  resulted  in  more  reliable  equipment 
being  installed  in  the  array.  Equipment  coming  into  the  shop 
for  repair  or  inspection  is  thoroughly  tested  before  being  re- 
turned to  service.  The  experience  of  the  LASA  maintenance  crews 
in  diagnosing  and  repairing  faulty  components  also  makes  a signi- 
ficant contribution  to  the  measured  reliability. 


2 . Data  Center  Reliability 

At  the  data  center  Table  XV  indicates  an  increase 
in  failure  rates  for  the  360  computer  and  the  Develocorders . All 
other  systems  show  a nearly  constant  rate  of  failure  over  the 
past  seven  years. 

There  are  two  components  of  the  360  computer  system 
which  reflect  the  increased  failure  rate.  The  CPU  and  the  1052 
typewriter.  The  1052  typewriter  is  a mechanical  unit  which  is 
expected  to  become  less  reliable  as  parts  begin  to  wear  out. 
Periodic  overhaul  of  this  unit  is  needed  to  control  its  failure 
rate . 


The  nature  of  the  360  system  is  such  that  failures 
to  the  CPU  are  usually  accompanied  by  expensive  repairs.  Dia- 
gnostics are  time  consuming  and  parts  must  be  ordered  from  IBM. 


Therefore,  an  increase  in  failure  rate  of  the  CPU  is  cause  for 
concern.  Paragraph  3 discusses  the  360  system  reliability.  Our 
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replacement  parts,  however,  we  do  have  some  replacement  parts  from 
scrap  units.  Maintenance  of  these  units  includes  a periodic  over- 
haul and  refurbishing.  With  these  practices  the  units  lifetime 
can  be  extended. 

Overall  the  reliability  of  the  LASA  systems  is 
good.  Good  maintenance  practices  have  insured  that  the  systems 
are  achieving  maximum  life  and  usefulness  at  a minimum  cost  to 
the  government. 

3.  IBM  360/LASAPS  Processor 


The  IBM  360  computer  reliability  and  maintainability 
have  been  updated.  The  system  reliability  since  1 July  1973,  a 
1551-day  period,  improved  with  an  increase  in  mean-time-between 
failure  (MTBF)  to  22.81  days  (547.41hr).  When  the  IBM  1052  Printer- 
Keyboard  failures  are  substracted,  the  system  MTBF  increases  to 
50.0  days  (1200. 8hr).  The  CPU  MTBF  is  77.6  days  (1861. 2hr). 

System  maintainability  statistics  now  show: 


mean-time-between  maintenance  (MTBM) 
mean-time-to-repair  (MTTR) 
mean- time-awai ting-parts 
mean- time-awai ting-personnel 
mean- time-to-correct -failures 
mean  preventive  maintenance  time 


7.60  days  (182.47hr) 
4.91  hours 
0.76  hour 
6.05  hours 
11.72  hours 
1.45  hours 


total  maintenance  downtime  (MDT) 


1355.7  hours  (3.64%) 


The  incident  of  failure  according  to  equipment  category 
is  shown  in  Table  XVI . This  breakdown  is  based  on  the  68  failures 
identified  during  the  51-month  study  period.  The  1052  Printer- 
Keyboard  accounts  for  60%  of  the  failures. 

The  system  performed  well  during  the  past  six  months 
with  five  failure  incidents.  A 2701  Data  Adapter  Unit  failure 
was  the  only  one  requiring  an  extended  system  outage.  The  system 
was  interrupted  136.50  hours.  Actual  corrective  maintenance, 
normally  performed  during  the  day  shift,  took  60.5  hours.  Three 
mechanical  failures  occurred  in  the  1052  unit.  An  SLT  card  in 
the  CPU  Basic  1052  Adapter  Gate  was  source  the  fifth  failure. 
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TABLE  XVI 

CLASSIFICATION  OF  IBM  360  SYSTEM  FAILURES 
(SINCE  JULY  1973) 


360/44  System  Equipment 


Number  of  Failures 


2044-G  Processing  Unit 


21 


CPU:  Cycle  Control 

Storage  Address  Register 
Storage  Data  Register 

Operations  Register /Comm  Chan  Control 
Controls  Clock 
Data  Flow  (B2) 

Data  Flow  (B3) 

Display 

Interrupt  Controls 
Controls  (C2) 

Controls  (C3) 

' Operation  Decode 
Interrupts 

Gen.  Purpose  Register  Stack 
Console  (El) 

Console  (E2) 


0 

2 

1 

1 

2 

1 

0 

0 

1 

0 

0 

2 

0 

2 

0 

2 


High  Speed  Multiplexer:  Subchannel  A1  (SCA)  1 

Subchannel  Bl(SCB)  0 

Common  Control  0 

Common  Data  Flow  0 

Chan  1 IF  Control  0 

Chan  1 Control  SCA  0 

Chan  1 Control  SCB  0 


Multlplexer/1052  Adapter:  Priority  Interrupt  (A2)  1 

Priority  Interrupt  (A3)  0 

1052  Adapter  Logic  (Bl)  0 

1052  Adapter  Logic  (Cl)  2 

Data  Flow  0 

Funnels  0 

Multiplexer  Control  (B3)  0 

Multiplexer  Control  (C3)  0 


Memory  Stack 

Single  Disc  Storage  Device;  Disc 
Disc  Control 
Disc  IF  Control 

1052-7  Printer /Keyboard 


1 

6 

0 

0 

39 
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TABLE  XVI  (CONTINUED) 


360/44  System  Equipment 
2501-Bl  Card  Reader 


1827-1  Data  Control  Unit 


Number  of  Failures 
0 
1 


1826  Data  Adapter  Unit 
2701-1  Data  Adapter  Unit 


■ ' 
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SECTION  IV 
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IMPROVEMENTS  AND  MODIFICATIONS 


A.  PDP-7  PROGRAMMING 

The  development  and.  maintenance  of  programs  for  the 
PDP-7  computer  continue  to  provide  an  important  part  of  the 
overall  task  of  operating  and  improving  the  Montana  Array  as 
a seismological  observatory. 

The  programs  completed  on  Project  VT/7708  are  listed  in 
Table  XVII.  Programming  activity  during  the  final  six-months 
period  supported  LDC  operations  by  (1)  updating  and  reformatting 
our  event  processing  program  MANBUL  into  Epicenter  Location  77 
(EP77)  and  (2)  upgrading  four  previously  written  programs  into 
patch,  overlay  programs  for  use  with  our  array  on-line  system, 
LIARS. 


TABLE  XVII 

PDP-7  PROGRAMMING  ACTIVITY 


October  76  - September  77 


PROGRAM 

VERSION 

BY 

APPROVED 

Property  List 

VI 

Lidderdale 

10/76 

DIAZ 

V2 

Potter 

11/76 

POLCK 

V2 

Maxwell 

12/76 

TABLE  LIST 

V3 

Lidderdale 

12/76 

PUNCH  HRI 

V2 

Maxwell 

01/77 

GRAPH 

VI 

Potter 

01/77 

DUP/VER 

VLl 

Potter 

02/77 

Material  Inventory 

VL2 

Lidderdale 

03/77 

Computer  Use 

V2 

Maxwell 

03/77 

Computer  Use 

VLl 

Maxwell 

03/77 

Property  List 

V2 

Lidderdale 

04/77 

EP  77 

VI 

Lidderdale 

04/77 

Book  1 

VLl 

Maxwell 

05/77 

Noise 

VLl 

Potter 

07/77 

EP  77 

V2 

Lidderdale 

07/77 

Plot 

VLl 

Maxwell 

08/77 

Property  List 

VLl 

Maxwell 

09/77 

SECTIOK  V 


MAINTENANCE 


LASA  maintenance  activity  is  divided  into  three 
different  categories:  Data  Center  (LDC) , Maintenance  Center 
(LMC)  and  Facilities  Support.  The  LDC  in  Billings  operates 
and  maintains  the  following  fiye  systems:  The  IBM  360/44 
computer , the  DEC  PDP-7  computer , LDC  Digital , LDC  Analog  and 
the  LDC  Test  and  Support.  The  LMC  located  in  Miles  City  main- 
tains all  array  equipment  systems  which  are  comprised  of  SP 
Sensor,  LP  Sensor,  Meteorological,  SEM,  and  Power.  Facilities 
Support  provides  maintenance  of  buildings,  vehicles,  land  leases, 
and  array  facilities  such  as  cable  trenches,  access  trails,  fences, 
WHY  site,  and  CTH  sites. 

A.  SUMMARY 

The  maintenance  activities  during  this  six-month 
period  included  preventive  maintenance  with  the  start  of  the  re- 
quired annual  servicing  of  systems  at  the  subarrays,  the  start  of 
a comprehensive  calibration  of  the  LP  array,  the  installation  of 
a WWV  antenna  at  the  LDC  facility,  the  inventory  of  property  and 
material,  and  the  inspection  of  the  array  facilities,  trails,  cable 
trenches,  etc.  with  required  repairs. 

A suauiary  of  the  totgl  maintenance  activity  is  given  in 
Table  XVIII  where  the  number  of  work  order  actions  in  the  LMC>  LDC 
and  utility  areas  are  shown.  The  completed  work  orders  represent 
500  separate  and  traceable  actions  by  the  maintenance  activities 
and  since  several  repair  actions  may  result  from  the  clearing  of 
one  particular  trouble,  the  number  of  maintenance  actions  can  ex- 
ceed the  number  of  work  orders.  The  work  orders  do  not  Indicate 
the  man-hours  Involved  but  are  indicative  of  the  work  load.  The 
system  work  orders  completed  consisted  of  232  preventive  maintenance 
routines,  126  corrective  maintenance,  2 modifications,  2 special 
tests  and  74  utility  actions.  A total  of  34  items  of  equipment 
were  repaired  in  the  LMC  and  LDC  shops.  The  backlog  in  the  shop 
of  83  items  primarily  consisted  of  printed  circuit  cards  at  LDC 
and  RA-5  amplifiers  and  HS-IO-IA  seismometers  at  LMC.  The  74 
utility  work  orders  consisted  of  43  actions  of  inspection  and 
repair  of  the  leased  land,  25  repairs  of  facilities,  and  6 vehicle 
Inspections. 


B.  DATA  CENTER 

A total  of  209  work  orders  were  completed  for  287  mainte- 
nance actions  plus  18  repairs  in  the  shop.  Table  XIX  provides  a 
breakdown  of  the  LDC  maintenance  actions  by  system  and  month. 


SUirWR  ,'  - UPPK  OKl’ER'S 


APRIL  19rV  - 'f.L'I-rtllULr  1977 


tJORK  OPPEP  TYPE 

EACKLCG 
sthpt  of 

PEP  I OP 

icrriHrfc'D 

COMPLETED 

BACKLOG 
END  OF 
PERIOD 

Lnc 

C'l^Trri  -p 

1 

i i.'  ^ 

171 

13 

SUBAt.':.L;iBUY-B 

90 

6 

44 

COirONEliT  -c 

1 

1 1 

10 

2 

total:. 

33 

216 

167 

59 

LDC 

SYSTEtl  -A 

10 

197 

191 

16 

SUBASCEIIBLY-C 

1 

C 

5 

1 

COnPONENT  -C 

10 

31 

13 

36 

TOTALS 

.?A 

233 

209 

53 

UTILIT,' 

!.• 

lO 

71 

COriDItlpr  TOTALT. 

70 

All  9 

*170 

1 r_. 

TABLE  XIX 

DATA  CENTER  IIAINTENANCE  ACTIONS 
APRIL  1977  - SCPTEMEiER  1977 


APR 

MAY 

;uH 

JUL 

AUG 

SEP 

TG'^AL 

360 

CORRECT  I \*^ 

0 

1 

1 

3 

2 

2 

9 

PREV'ENTIVE 

0 

3 

1 

1 

2 

10 

PDP-7 

CORPECTIV'E 

6 

4 

c> 

12 

5 

3 

30 

PREVENT  I V-E 

21 

22 

27 

25 

24 

19 

133 

digital 

COPRECTIV'E 

e 

I 

1 

2 

0 

0 

4 

PREVENTIVE 

4 

4 

5 

4 

4 

5 

26 

ANALOG 

CORRECTIVE 

1 

0 

1 

4 

1 

4 

1 1 

PPF.'TENTIVE 

1 

0 

0 

0 

0 

0 

1 

TEST  AND  SUPPORT 
CORPECTIV-E  4 

2 

f 

4 

5 

PPE\.^NTIVE 

2 

7 

5 

4 

1 

18 

totals 

39 

40 

58 

53 

44 

41 

280 

40 
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1.  System  360 
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The  maintenance  responsibility  for  the  IBM  360/44 
is  handled  locally  with  assistance  from  IBM  as  needed.  During 
this  period  there  were  9 repairs  on  the  system  and  10  preventive 
maintenance  actions. 

The  operation  of  the  360  system  improved  with  only 
9 repairs  necessary  during  this  period  compared  to  16  for  the 
previous  one.  Three  failures  requried  abnormal  system  down  times. 

When  the  cycle  clutch  failed  on  the  1052  Printer/ 

Keyboard,  the  removal  of  the  entire  print  shaft  was  necessary  ^ 

before  the  clutch  overhaul  and  repair.  An  SLT  card  failure  in  i 

the  CPU's  1052  interface  circuits  caused  printing  of  the  wrong  - 

characters  but  was  readily  diagnosed  and  repaired.  A failure  of 
two  SLT  cards  in  the  2701  caused  an  extended  downtime  period  due 
to  the  difficulty  of  trouble-shooting  the  problem.  Diagnostic 
programs  available  did  not  indicate  any  problems.  Procedures 
were  locally  developed  to  enable  the  2701  diagnostic  program  to 
Indicate  this  type  of  failure. 

2 .  PDP-7  System 


Maintenance  of  the  LDC's  PDP-7  computer  system 
which  includes  the  peripheral  equipment  as  well  as  the  basic 
CPU,  included  38  repairs  and  138  preventive  maintenance  actions. 
The  repair  distribution  follows:  tape  units,  31;  paper  tape 
reader,  2;  line  printer  , 2;  teletypewriter,  1;  CPU,  1;  and  paper 
tape  punch,  1.  Generally,  the  system  operation  has  been  very 
reliable.  The  majority  of  the  tape  unit  problems  were  lamp  re- 
placements and  sensor  cleaning.  There  were  some  failures  on  minor 
mechanical  assemblies.  The  only  major  failure  was  a defective 
capstan  motor . 


3.  Other  LDC  Systems 


The  other  systems  maintained  at- the  LDC  are  the 
Digital,  Analog,  and  Test  and  Support  systems.  There  were  4 
minor  repairs  and  26  preventive  maintenance  actions  performed  on 
the  Digital  system.  The  timing  system  has  been  very  reliable  and 
stable  during  this  period. 

Eleven  troubles  and  one  pm  were  required  for  the 
Analog  System.  The  failures  occurred  mainly  in  the  Develocorders 
and  the  D/A  circuits. 

A new  antenna  has  been  installed  atop  the  40-ft 
tower  on  the  LDC  building  to  improve  WWV  reception.  The  installation 
is  complete  and  the  antenna  roughly  tuned  to  5 MHZ  at  50  ohms.  The 
antenna  is  a helix-wound,  20-ft  vertical  that  was  fabricated 
at  the  LDC  using  plastic  pipe  and  fiberglass  construction.  When 
signal  fading  is  not  present  the  receiving  antenna  provides  a good. 
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clear  signal.  The  WWV  signal  is  used  to  set  the  TOD  clocks. 
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The  14-bit  D/A  channels  are  being  completely  over- 
hauled and  calibrated.  These  channels  are  used  for  LP  recording 
and  had  deteriorated  due  to  a heat  problem  from  the  bit  driver 
circuits.  All  of  these  driver  circuits  are  being  checked  and  re- 
paired and  the  rack  modified  to  provide  air  circulation  through 
these  cards. 


The  Test  and  Support  System  encompasses  not  only 
the  two  Maintenance  Display  Consoles  (MDC)  but  all  other  equip- 
ment for  the  support  of  the  data  center's  operation  such  as  the 
environmental  equipment  (air  conditioners,  electrostatic  air 
filters)  and  the  film  viewers  and  copiers.  Of  43  maintenance 
actions  on  this  system,  35  were  corrective  and  18  were  for  pre- 
ventive maintenance.  MDC  II  was  overhauled  to  improve  the  channel 
reponses  and  stability. 


C.  MAINTENANCE  CENTER 

The  LMC  supports  the  LASA  operation  with  both  array 
activities  and  shop  testing  and  repairs. 

LMC  personnel  completed  187  work  orders  repre- 
senting 213  separate  maintenance  actions  plus  16  items  repaired 
in  the  shop.  The  array  work  orders  included  40  corrective  mainte- 
nance, 127  preventive  maintenance,  2 modification,  and  2 special 
tests . 

1.  Array  Activities 


Table  XX  shows  the  array  maintenance  actions  by 
system  and  month.  To  accomplish  this  maintenance,  122  visits  to 
CTH's  and  22  visits  to  WHV's  were  made.  This  required  100  trips 
to  the  field  plus  4 trips  to  the  Malmstrom  AFB,  PMEL  and  covered 
12,052  miles.  The  array  corrective  actions  included  20  on  SP 
channels,  9 LP  circuits,  3 power  system  repairs,  and  5 on  SEM 
units . 

A defective  seismometer  in  the  uncased  hole  at  Dl 
WHV  45  could  not  be  replaced.  As  done  previously  at  Dl,  the  WHV 
was  converted  to  a "shallow-hole”  installation.  There  are  now 
ten  such  installations  at  Dl , viz.,  WHV's  41,  52,  72,  43,  53,  54, 
74,  45,  65,  and  56.  There  are  only  two  seismometers  in  uncased 
holes  still  operating  since  they  were  installed  12  years  ago; 
these  are  at  locations  81  and  76. 

The  special  calibration  signals  installed  at  sub- 
array  D2  were  removed  in  August.  The  affected  channels  were  SP 
words  2 and  14  and  LP  words  26,  27,  and  28.  These  channels  are 
now  operationally  normal. 

A project  has  been  started  to  test  LP  sensors  to 


I 

/ 


42 


TABLE  XX 


PRf?PY  MPINTENPNCE  PCTIONS 


PPRIL  1977  - SEPTEriBER  1977 


PPR  MPY  JUN  JUL  PUG  SEP  TOTPLS 


CORRECTIVE  253654 
PPE\/ENTIVE  21  18  13  13  12  14 


CORRECTIVE 

PREVENTIVE 


COPPEC-TT.E 

PREVENTIVE 


POIJEP 

CORRECT IVE 
FREVEIITr  E 


UEP^HEP  STPTION 
CORRECTIVE 
PPE'vENTIVE 


TO'^PLS 


i 


determine  the  frequency  response  and  linearity.  All  sensors  will 
be  manually  tested  for  response  using  a signal  generator  at  the 
CTH  for  a calibration  signal  and  recording  the  results  at  LDC  on 
HDCI . This  test  was  completed  at  Dl  and  D4  and  the  results  com- 
pared to  the  response  data  provided  by  a computer  run  LP  PRBS 
test.  The  computer  program  provides  the  PRBS  intervals  to  the  LP 
sensor  calibration  coil  via  telemetry  and  calculates  the  results 
to  provide  channel  response.  When  both  manual  and  computer  tests 
are  run  during  very  quiet  periods,  the  results  compare  favorably. 

A manual  test,  performed  at  each  subarray,  provides  a standard 
response.  Periodic  PRBS  test  data  will  be  compared  with  the 
standard  to  detect  deteriorated  channels.  Since  our  signal  gen- 
erator's (203A)  maximum  output  of  30Vp-p  will  not  check  the  LP 
seismometers  at  the  high  end  of  their  amplitude  range,  a driver 
amplifier  will  be  constructed  that  will  provide  a 40Vp-p  maximum 
signal  to  the  calibration  circuits  which  should  be  adequate  to 
test  for  maximum  output.  This  will  enable  testing  and  plots  to  be 
made  of  the  linearity  of  the  LP  channels. 

2 . Shop  Activities 

The  extent  of  the  shop  work  is  summarized  in  Table 
XXI.  The  large  backlog  of  shop  work  (Type  B and  C work  orders)  is 
mostly  RA-5  amplifiers,  HS-IO-IA  seismometers,  and  printed  circuit 
cards.  Final  adjustments  of  the  amplifiers  and  seismometers  are 
made  with  the  units  in  the  environmental  chamber  at  operating 
temperatures.  As  noted  in  our  previous  report  the  chamber  was 
inoperative  for  an  extended  period  while  waiting  for  parts.  The 
unit  is  now  repaired  and  can  be  used  for  final  adjustments  and 
trouble-shooting.  The  LDC  backlog  contains  20  D/A  driver  cards 
from  the  14-bit  LP  channels  that  are  awaiting  parts.  There  were 
18  shop  repairs  at  LDC  and  16  at  LMC. 


D.  FACILITIES  SUPPORT 

LASA  operations  are  supported  by  the  facilities  and 
vehicles  available. 

1 . Land  Provision 

Provision  of  the  land  for  the  array  requires  50 
leases.  In  the  interest  of  good  relations  with  the  landowners, 
41  contacts . were  made  to  deliver  lease  checks,  discuss  subarray 
access  trails,  and  other  matters  concerning  the  land  use. 

There  was  drilling  at  one  location  in  the  array. 

A 6700-ft  well,  drilled  10  miles  west  of  subarray  D4  at  SWNE 
Section  23,  T14N-R40E  during  April  and  May,  has  been  plugged 
and  abandoned. 

2.  Land  and  Facilities  Maintenance 


The  amount  and  type  of  utility  work  engaged  in  at 
the  LMC  is  shown  in  Table  XXII.  The  74  completed  work  orders 


TABLE  XXII 

SUmPRY  - utility  uork  orders 

RPRIL  1977  - SEPTEMBER  1977 


BPCKLOG 
STPRT  OF 

BPCKLOG 
END  OF 

WORK  ORDER  TYPE 

CPBLE  TRENCH  PND 

PERIOD 

[NITIPTED 

COMPLETED 

PERIOD 

TRPIL  INSPECTION 

13 

0 

13 

0 

CPBLE  TRENCH 

BPCKFILL 

0 

1 

1 

0 

UHV  SITES 

LPNDSCPPED 

MPPKER  POST  OR 

UHV  COVERS 

0 

25 

25 

0 

REPLPCED 

4 

14 

18 

0 

CTH  MPINTENPNCE 

0 

6 

6 

0 

VEHICLE  riPINTENRNCE 

INSPECTION 

0 

6 

6 

0 

FENCE  INSPECTION 

0 

0 

0 

0 

TRRIL3  REPP  IRS 

0 

0 

0 

0 

LMC  FPCILITY 

MRINTENPfXE 

0 

8 

5 

3 

TOTPLS 

1? 

45 

60 

74 

3 

f 
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show  43  land  repairs,  25  facility  repair/inspections,  and  6 
vehicle  maintenance/inspections.  The  cable  to  D3-33  was  exposed 
by  erosion  and  was  covered  and  tamped.  Increased  agricultural 
use  of  the  land  in  the  array  resulted  in  several  instances  of 
damage  from  plows.  The  barrel  at  B4-23  was  cut  and  since  this 
WHV  is  not  used  it  was  removed  and  the  cables  spliced  to  bypass 
the  location.  At  B4-46  the  barrel  had  to  be  straightened  and 
the  lid  and  "coolie”  hat  replaced.  Near  C4-63  the  cable  was 
cut.  Since  the  cable  in  this  area  lay  within  4 inches  of  the 
surface,  a new  section  of  cable  was  spliced  in  and  retrenched 
at  a greater  depth. 

3.  Vehicles 


The  mileage  driven  during  this  period  in  support 
of  the  LASA  totalled  13,454  miles  without  any  accidents. 
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SECTION  VI 


ASSISTANCE  PROVIDED  TO  OTHER  AGENCIES 


A.  SEISMIC  DATA  ANALYSIS  CENTER  (SDAC) 

The  LASAPS  processor  is  operated  at  the  LDC  24  hr/day 
and  7 days/week  to  provide  real  time  array  data  on  line  to  SDAC. 
The  weekly  near-regional  reports  with  events  and  blasts  within 
20°  of  the  array  center  are  also  distributed  to  SDAC. 


B.  NATIONAL  EARTHQUAKE  INFORMATION  SERVICE  (NEIS) 

The  LDC  provides  NEIS  with  the  weekly  reports  of  near- 
regional  events  and  blasts,  responds  to  their  telephone  requests 
for  selected  event  information,  and  operates  an  FM  telemetry  link 
for  transmitting  data  from  three  selected  SP  seismometer  channels. 


C.  MIT  LINCOLN  LABORATORY 

The  periodic  near -regional  reports  with  the  strip-mine 
blast  supplements  are  distributed  to  Lincoln  Laboratory.  LASA 
digital  data  tapes  are  mailed  upon  request. 


D.  MONTANA  DEPARTMENT  OF  STATE  LANDS 

The  strip-mine  blast  supplement  to  the  near -regional 
reports  is  mailed  to  the  Dept,  of  State  Lands  in  Helena,  Montana. 
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SECTION  VII 

DOCUMENTATION  DEVELOPED 


A.  TECHNICAL  REPORTS 

The  following  reports  were  prepared  and  distributed 
during  the  final  six  months  of  this  project: 

1.  "Semi-Annual  Technical  Report  1 OCT  1976  - 31  MAR 

1977"  T/R  2140-77-92  (AD-A041  037)  26  April  1977, 

2.  "Montana  LASA  Operation  Report  for  April  1976" 

T/R  2140-76-93,  5 MAY  1977. 

3.  "Montana  LASA  Operation  Report  for  May  1976" 

T/R  2140-76-94,  7 JUN  1977. 

4.  "Montana  LASA  Operation  Report  for  June  1976" 

T/R  2140-77-95,  7 JUL  1977. 

5.  "Montana  LASA  Operation  Report  for  July  1977" 

T/R  2140-77-96,  8 AUG  1977. 

6.  "Montana  LASA  Operation  Report  for  August  1977" 

T/R  2140-77-97,  8 r,EP  1977. 

7.  "Montana  LASA  Operation  Report  for  September  1977" 

T/R  2140-77-98,  6 OCT  1977. 


B.  MANUALS 

A revision  to  the  Montana  LASA  Long  Period  Seismic 
System  manual,  MLM-6,  was  prepared  and  distributed. 
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CONCLUSIONS 


The  LASAPS  operation  as  observed  from  the  LASA  end  of  the 
4800-baud  line  was  successful  during  this  contract  period. 
The  annual  goal  of  95%  data  availability  was  missed  by  only 
1.7%  while  keeping  both  the  maintenance  premium  time  and  IBM 
customer  engineering  assistance  at  a minimum. 


The  LASA  Inner  Array  Recording  System,  which  operated  95.5% 
of  the  year,  handled  the  array  monitoring,  calibration,  event 
detection  and  processing  without  interferring  with  the  record 
ing  operation. 


The  Montana  array  systems  continue  to  meet  their  expected  per 
formance  levels.  Increased  maintenance  attention  in  some 
areas  has  been  necessary. 


Cultural  noise  surrounding  some  array  sensor  locations  has 
been  observed  and  results  from  changes  in  agricultural 
activity  in  some  areas. 


Teleseismic  event  processing  has  been  incorporated  into  the 
LDC's  daily  activities  and  is  considered  an  important  part 
of  our  array  operation. 


RECOMMENDATIONS 


Based  on  the  operation  of  the  Montana  array  and  data 
center  during  this  contract  period,  we  recommend: 

1.  That  the  seismograph  frequency  response  measure- 
ments be  continued  and  response  curves  prepared, 
especially  for  the  long-period  systems. 

2.  That  the  improvement  of  the  LDC's  event  processing 
capability  and  techniques  be  continued  and  that 
the  Montana  site  be  considered  as  a source  of 
seismic  event  information  not  available  at  SDAC 
from  the  4800-baud  line. 

3.  That  the  PDP-7  computer  core  memory  size  be  in- 
creased either  by  the  Installation  of  a second 
system  from  government  excess  or  by  the  installa- 
tion of  additional  memory  modules,  or  by  the  re- 
placement with  a new  system. 


t 

r 


REFERENCES 


1.  Potter,  G.  A.  (1975)  "LASA  Inner  Array  Recording  System 
(LIARS)”  LASA  Program  Description.  Ford  Aerospace  and 
Communications.  Billings,  HT. 

2.  Hatklns,  R.  E.  (1976)  "Montana  LASA  Semi-annual  Technical 

Report  T/R  2126-76-75  (AD-A023263)  Ford  Aerospace  and 

Communications.  Billings,  MT 

3.  Needham,  R.  and  A.  Steele.  (1969)  "Montana  LASA  Data 
Analysis  Techniques"  S-110-33.  Ford  Aerospace  and 
Communications.  Billings,  MT 


APPENDIX 


LASA  Short-Period  and  Long-Period 
Sinusoidal  Calibration  Times  and  Amplitudes 


The  LASA  seismographs  are  tested  on  a regular  basis  to 
ensure  their  operation  is  within  standard  tolerances.  One  type 
of  test  is  the  remotely  controlled  sinusoidal  calibration.  During 
these  tests  a slnewave  of  known  amplitude  (approx,  mid-range)  is 
applied  to  the  seismometer  calibration  coil  input  for  a specific 
time  period  (30  seconds  for  SP  and  210  seconds  for  LP) . The 
seismograph  output  signals  in  response  to  these  Inputs  provide  a 
method  of  amplitude  calibration  for  the  LASA  data  user. 

Knowledge  of  a calibration  date  and  time  provides  an 
easy  means  of  locating  a slnewave  signal.  The  tables  which  follow 
indicate  a date  and  time  of  a calibration  signal  from  each  seismo- 
graph for  each  week  during  the  contract  period.  The  peak-to-peak 
equivalent  earth  motion  (m^  or  nm  for  SP  and  fi  or  4m  for  LP)  of 
the  signal  is  also  listed. 
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